Dr J F Michel (Central Veterinary Laboratory, New Haw, Weybridge, Surrey) Acquired Resistance to Ostertagia Infection In an earlier report (Michel 1967) it was suggested that populations of Ostertagia ostertagi in the calf were regulated primarily by a loss of worms at a rate related to the number present and that other regulatory mechanisms were superimposed. The results on which this conclusion was based also seemed to indicate that the extent of the hazard to which worms in the host were exposed was proportional to the size of the worm burden, populations of uniform age appearing to decrease according to a hyperbolic curve and burdens of animals infected daily at a constant rate being maintained at a level proportional to the square root of the infection rate. More extensive work has shown these conclusions to be correct in substance but not in detail.
The course of populations of uniform age was studied in an experiment involving three groups each of 40 calves which received 8300, 25 000 and 75 000 larve, respectively, on a single occasion. Calves from each group were killed at frequent intervals between the 20th and 132nd days after infection and their worm burdens were examined.
The population remained constant until the 52nd, 42nd and 38th days respectively in the three groups and then decreased logarithmically, the slope of the curve being the same in the two more heavily infected groups, less steep in the most lightly infected.
The relationship between the number of larva with which calves were infected daily and the resulting worm burden was worked out in an experiment (Michel 1970) in which five groups each of 30 calves were infected at different rates ranging from 200 to 1600 larvwe per day. On each of six occasions from the 30th to the 180th days after the start of the experiment 5 calves from each group were killed and their worm burdens examined. The numbers of worms present proved to be proportional to the infection rate and decreasing worm size and morphological changes as well as the composition of the populations indicated that they were in a state of dynamic equilibrium. A calculation based on numbers of developing worms present showed that the average life span of adult worms was approximately 25 days at the three highest infection rates, somewhat longer at the lowest rate.
It was noticed that in all groups worm burdens tended to decline during the second half of the experiment. This was most probably due to a decrease in the proportion of the larva administered that became established. An experiment was therefore carried out to study the development of a resistance in the host to the establishment of new worms in animals infected with 1000 larve daily (Michel et al. 1973) . A moderate challenge infection was used and worms of the immunizing infection were removed by anthelmintic treatment ten days later. By the use of suitable control groups it was shown that an acquired resistance to the establishment of worms increased steadily during the course of the experiment and after 250 days twenty times as many worms became established in susceptible control calves as in calves infected daily for this period. On the basis of these measurements of resistance to establishment and of turnover rates as determined in the previous experiment, a calculation was made of the course of the population in animals receiving 1000 larva daily that would be expected if they were regulated only by a loss of worms at a rate proportional to the number present and a gradually increasing resistance to the establishment of worms. The resulting figures corresponded very closely indeed with worm burdens found in a group of calves in the last experiment infected in this way.
It may be concluded that where the phenomenon of arrested development does not occur, the course of populations of Ostertagia ostertagi in calves exposed to continued infection can adequately be explained in terms of two mechanisms, a loss of worms at a rate proportional to the number present and a gradually increasing resistance to the establishment of new worms. Immunity to Schistosomiasis Although little is known about the nature of immunity to schistosomiasis in man, we are beginning to understand more about the immunity which develops in experimental animals. Two hosts which are commonly used in the laboratory for studying immunity to schistosomes are the rhesus monkey and the mouse. In both hosts Schistosoma mansoni matures about five weeks after infection and continues to live and lay eggs for many months. Nevertheless, there is a gradual development of immunity to challenge by further cercarii; in the mouse, the immunity is not so efficient, although about 70 % of a challenge infection will be killed at this time. It is the presence of the living adult worms which induces this immunity, but it is the younger stages of a challenge infection which are killed in an immune host (Smithers & Terry 1967) .
The interesting feature about this immunity is that, although the monkey and the mouse resist reinfection with cercarie, the adult worms from the primary infection continue to live unharmed by the immunity they have induced. We have called this situation concomitant immunity. It is a term borrowed from tumour immunology, where the host animal with a particular tumour becomes resistant to further grafts of the same cell line, but does not succeed in destroying the primary tumour. By analogy, experimental animals can resist further challenge with schistosomes but cannot destroy their initial infection (Smithers & Terry 1969) .
The development of a technique which permits the surgical transfer of S. mansoni adults fiom one host directly into the mesenteric veins of a monkey, has uncovered a probable mechanism of concomitant immunity. Adult worms recovered from mice survive well when transferred into rhesus monkeys; if the monkeys are first immunized against mouse red blood cells, however, then worms from mice are rapidly destroyed. The effect of immunizing monkeys against mouse red cells is specific to 'mouse' worms; worms from other hosts survive normally on transfer into 'anti-mouse' monkeys. It has been shown that the killing of 'mouse' worms by anti-mouse monkeys is dependent on antibodies which are directed against sites on the worms' surface. This has suggested that molecules of host origin (or host antigens) become incorporated into the surface of the worm (Smithers et al. 1969) .
Similar results were obtained when young schistosomes were cultured in human blood for 14 days and transferred into monkeys immunized against human red blood cells. In this experiment worms grown in blood of type A were mostly destroyed on transfer into monkeys immunized against B cells and vice versa; but a greater percentage of worms were killed on transfer when they were cultured with the same type of cell used to immunize the recipient monkey (Clegg et al. 1971) . In a second experiment, worms grown in A type blood were almost totally destroyed after transfer into monkeys immunized against pure A blood group substance, although worms grown in B blood survived in anti-A monkeys.
These experiments show that schistosomes can acquire host antigens in culture and that these antigens are related to the blood group substances and are possibly glycolipid or glycoprotein in nature.
We have suggested that the incorporation of host antigen serves to protect the worms from the host's immune response by masking in some manner susceptible parasite antigens on the surface membrane. In this way the immune reaction would be blocked by a molecule to which the host would be immunologically unresponsive. Young developing schistosomes which had no time to adopt this disguise would be vulnerable to the immune attack; older worms which had time to incorporate host antigen would be protected. This would explain the evasion of the host's immunity by the adult worm and the mechanism of concomitant immunity.
Evidence of the protective function of host antigen has come from in vitro studies. Young schistosomes grow and develop well in serum from normal rhesus monkeys, but serum from monkeys immune to S. mansoni contains an antibody of the IgG class which, in the presence of complement, kills all young worms cultured in its presence. The damage of young schistosomes by immune rhesus monkey serum fits the concept of concomitant immunity, but a more important requirement of the idea is that older schistosomes should become insusceptible to the immune reaction.
This is exactly what happens in vitro. When young worms are cultured in normal serum for a few days before transfer into immune serum, they lose their susceptibility to the lethal antibody. Similarly, young schistosomes recovered from the lungs of mice 4 days after infection are completely insusceptible to the effects of immune serum (Clegg & Smithers 1972) .
Recently it has been shown that protection in vitro can be accelerated in the presence of red blood cells. Glycolipids extracted from red cell membranes gave a similar protective effect. It appears, therefore, that protection against antibody in vitro is due to the presence of molecules similar to the host antigens which have been demonstrated on the worm's surface.
